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FOREhlORD

This report is part of a series intended to cover the entire

State, and to provide private citizens, groundwater users,

developers, investors, well drilling contractors, consultants and

professionals, and government officials with as complete a picture

as poss'ible of the groundwater situatjon, jncluding prospects, as

it ex'ists'in each of the counties of Virginia.

0n the basis of this report, prospect'ive groundwater users and

anyone else interested jn the development and protection of that

invaluable resource that is groundwater can make up their mind and

call a consulting hydrogeologist to handle their specific ground-

water problem, while the State Water Control Board rerna'ins at the

public's service for general infornration and governmental action.
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ROCKINGHM COUNTY

Present Condi tions

by

Kenneth R. Hinkle and R.

GROUNDHATER

and Prospects

McChesney Sterrett

ABSTMCT

In Rockingham County, bounded by the Blue R'idge on

the southeast and the Al leghany Mountains on the northwest'

the geologic formations occur in northeast trending beits

paralleling the ridges and valleys. sedimentary rocks

comprised mainly of shale and sandstone make up the moun-

tainous western portion of the County and also form

Massanutten Mountain in the east central portion. The

central va11ey is underlain by 'ljmestone and dolomjte with

a few broad belts of shale. The Blue Ridge portion of the

County is comprised mainly of igneous and metamorph'ic rocks'

Three maior hydrogeologic areas have been identified:

the Blue Ridge; the central valley; and the area west of

Ljtt'le North Mountain. Maximum groundwater potential is

avai'lab]e from the carbonate formations underly'ing the

thick terrace and flood plain depos'its bordering the South

Fork of the Shenandoah Rjver in the central va]1ey. car-

bonate formations elsewhere in the valley offer fair to good

potentia'l depending upon local rock characterist'ics and

topography. The Martinsburg shale formation is an important



domestic water suppl ier in the va]'ley but cannot rel iably

supp'ly large commercial, public or industrial users. The

Blue Ridge and the area west of Litile ltorth l"lountain offer
very poor groundwater potential ; only snnl I domest.ic

suppf ies may be developed in these areas.

Groundwater quality is generally good but varies

according to rock type. Hardness is the most common problem

and is confined mainly to groundwater from the carbonate

rocks and the Mart'insburg formation. High iron concentrations

are common in groundwater from the shal e and sandstone for-
mations west of Little North Mountain. Groundwater in a

narrow corridor paral'leling u.S. Route 11 and extending from

Mt. Crawford to Harrisonburg exhibits an unusual quality

relative to the rest of the county: extremely high hardness

and high concentrations of iron, sulfate, chloride and

nitrate have been detected in this area, though no health

hazards are known. in the Blue Ridge, groundwater is very

low in dissdlved mineral matter and generally of good quality.

Groundwater development has been reratively ins'ignificant

in the county. Present development can probably be doubled

without adverse effects as long as responsible groundwater

management programs are observed. Approximately eight million
gallons per day have been withdrawn over the past 20 years

from an industrial well field deveroped in the alluvial de-

posits along the south Fork of the Shenandoah River. This



area offers the best

in Rockingham County

over long periods of

potential for future groundwater deve'lopment

and probably can support heavy wjthdrawals

time.





C$PTER I

I NTRODUCT I ON

Bac koround

Rockingham County is located 'in the northwest port'ion

of the State (Plate 1), bounded on the west by Hest Virginia

(Hardy and Pendleton Counties). V'irginia counties forming

the other boundaries are: Augusta on the south, Albernarle

and Greene on the east, and Page and Shenandoah on the north.

Situated in the Shenandoah Valley and named for the

Marquis of Rockingham, a British statesman, the County vras

formed in 1777 from Augusta County. It is the third largest

in the State and covers 871 square mrlles (557,440 acres)

including the city of Harrisonburg, the on'ly independent city

in the County.

According to 1972 project'ions, the populat'ion hras approx'imately

5.l,400 for the County and approximately 
.|5,500 for llarrisonburg.

For the years 1985 and 2000, respectively, the popu'lation is

projected to be 64,000 and 80,400 for the County, and 16,700

and 17,900 for Harrisonburg.

Agricultune and manufacturing are the prime sources of

revenue and together account for 40 percent of the comb'ined

county/city work force of 37,000. Noted as one of the nation's

largest producers of poultry products, Rockingham County

boasts some of the most modern food processing plants in the
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world. Travel and tourism are a'lso'important economic factors

with act'ivities such as hiking, camping, skiing, boating,

swimming, fishing, hunting and sight-seeing offered to visjtors.

Present groundwater and surface water supplies appear to

be adequate, and no major problems are known to exist in the

county. Future groundwater demand can be met without problems

based on the present rate of development. The resource, how-

ever, is not evenly distributed, and certain areas offer far

greater groundwater potential than others due to diversified

geology and topography. No serious quality probiems are

known, but groundwatelin l jmestone terra jns is susceptible to

po1 1 uti on .

Purpose qnd Scope of Reulrt

Ihe purpose of this report is to acquaint the public wjth

groundwater conditions in Rockingham County. In additjon to

providing some general 'information about the County, the re-

port is a comp'ilation of previous geo'logic and hydrologic

'invest'igations cam'ied out under the auspices of the State

Water Control Board, the former Djvjsion of Water Resources,

and other state agencies. By discussing groundwater availa-

bi'ljty, qua'lity and development, the report is intended to

serve as a reference to local government, private citizens,

devel opers, we1 I drj 1 1 i ng contractors, consul tants and

anyone else desirous of information relat.ive to utilizing
and protecting the groundwater resources of the County. A



Glossary and B'ibliography are provided at the end of this

report for the convenience and comprehension of the reader.

Methods of Investiqat'ion

Most of the general background and geoiogic information

appearing in this report is a summary of previous work. some

of the information on water well construction and groundwater

quaiity has been obtained from other state agencies, although

the bulk of it has been collected by the state l,later control

Board.

Much of the previously unpub"lished informat'ion on indi-

vidual well construction data and quality analyses has been

collected as a result of the "Groundwater Act of 1973". This

Act requires that drilling contnactors submit a t{ater |,tell

Complet'ion Report (Form Gt^J-z) for all wells drilled, and that

owners of industrial and public water supp'lies suhnit quarterly

reports (Form Gtll-6, Groundwater Pumpage and Use) detaiiing

groundwater withdrawal. In addition, the Board requires that

dri I I ers subrni t dri I I cutti ng samp'les col I ected at lO-foot

intervals on all public and industrial suppry water wells and

those wells which are drilled to unusual depths or are located
'in areas deemed deficient'in geologic information.

A concentrated effort has been made over the past year to

gather information relat"ing to groundwater quality trends in

Rockingham County. In addition to specific sampling areas,

groundwater quality informat'ion is obtained frsn reguiar



monthly sampling runs made by the Board's valley Regional

Office. Domestic supplies are generally sampied although

some small 'industrial and cornmercial supplies are checked

occas i ona'l 1y.

Another source of quafity information is the pollution

Response Program (PReP), maintained by the Board for the sole

purpose of responding to c'itizen reports of water pollution

of any type. This 'includes po1'lution of both groundwater and

surface water by accidental or intent'ional spi11s of hazardous

chemicals, oil, gasoline, refuse and .industrial wastes.

All well and groundwater quality information cited in this

report js on permanent file at the Board's Headquarters 0ffice

in Richmond and the va11ey Regional Office in Bridgewater.

These data are computerized for storage and retrjeval and were

used to compile the summaries contained in Appendices B and c.

Prev'ious I nvesti qati ons

A number of reports have been publjshed on the geoiogy and

groundwater resources of Rockingham county. The most recent and

comprehensive geologic report was published by the Virginia D.ivision

of M'ineral Resources in 1960. The report, Geology and 14ineral

Resources of Rockingham county (Bulletin 76), was written by

l,Jilliam B. Brent and has been drawn upon heavily in preparing

the geology part of th'is report.

11



Groundwater reports jnclude works by R. C. Cady, R. H.

DeKay, and an unpubijshed thesis by R. B. Leonard entitled

Ground-Water Geolog.v Alonq the Northwest Foot of th,e Blue

Ridqe Between Arno'ld Valley and Elkton, Virqin'ia. Cady's

report, Ground-l.Jater Resources of the Shenandoah Valley,

Virqin'ia (Bulletin 45 of the Virginia Geo'logical Survey, 1936),

is quite comprehensjve and 'is the only major groundwater

report to incorporate vjrtualiy a1l of the County. In Devel-

opment of Ground-Hater Supplies in Shenandoah National Park,

V'irginia (Mineral Resources Report 10, Virginia D'ivision of

Mineral Resources, I97?), DeKay touches f ightly upon some of

the groundwater resources of the Blue Ridge area of the County.

Frank Reeves djscussed another aspect of the subsurface water

resources 'in his 1932 report, Thermal Springs of Virgjnia

(Bulletin 36, Virg'inia Geological Survey). The Virginia Djvision

of Water Resources report on the Potomac-Shenandoah River Basin

(Volumes I and III, 1968-69) included Rockingham County as did

Trainer and blatkin's report entitled Geohydrologic Reconnaissance

of the Upper Potomac River (U.S. Geological Survey Water Supply

Paper 2035), publ ished in 1975.

tda ter We I I Number i nq Svs tem

Water We1'l Completion Reports are assigned a unique

number by wh jch that wel I is thereaf ter ident jf ied. l,.later

quality and withdrawal data for the well are also identified

by that number.

T2



Each Vjrginia county is assigned a three-digit county code,

the code for Rockingham County be'ing iB2. l^ljthin each county

wel I s are numbered sequent j al 'ly and chronol og ica'l 1y, wi th f ew

exceptions. For example, a report received on a particular day

m'ight be numbered 182-16, while a report received the fol'lowinE

day wou'ld be 182-17. It 'is unfortunate that owners, particu-

1ar1y jndustrjes, which have multjple wells cannot have all of

their wells numbered consecutive'ly. A'll wells are assigned

numbers as they are received and therefore appear at random

throughout the summary in Appendix B.

l,lel l s appeari ng i n thi s report wi l'l be des i gnated wi th-

out repeating the county code each t'ime. Numbers will be

enclosed 'in parenthesis; for examp'le: (6). When it 'is

necessary to contact the Board about a partjcular well, it is

advisable to refer to the owner (or location if more descrip-

tive) and its well number. Examp'le: Jordan Hatchery #2'

Well No. L82-6.

Acknowl edqements

Water well contractors have been the principal source of

data used in this report, particularly by filing Water hJell

Comp'letion Reports, and their cooperation i s greatly apprec'iated.

Gary F. Burner of Burner tlell Drilling provided many of the

reports and was always willing to supply any add'itional infor-

mat'ion available. 0ther drilling contractors supplying well

data were Caldwell l^Iell Dri'l1ing, Earman |.lell Drill'ing' John
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H'ilbert, Sydnor Hydrodynamics and Virginia hlell Dri11ing.

Several state agencies have been instrumental in

providing a variety of data used in this report. The Virginia

D'ivision of Mineral Resources provided geologic'information

through reports and verbal contacts, and the Vjrginia State

Department of Health provided quaf ity data on public water

supplies. The Soil Conservation Service graciously supplied

soil maps and charts, and special thanks are extended to

John Hockman and Charles Neal of the Rockingham County Soil

Survey for soils adv'ice. The l,Jater Resources Research Center

at Virginia Po'lytechnic Institute and State University in

Blacksburg provided hydrologic and climatic jnformation.

Many cjtizens of Rockingham County have been most helpful

'in furnishing information, and it is they who have made poss"ib'le

the collection of most of our groundwater quality samples.

Many of these private well owners also provided us with consid-

erable infonmation on well construction.



CHAPTER I i

PHYSiCAL SETTiNG

Phys i ography

Rockingham County js s'ituated almost entirely within the

Va11ey and Ridge Physiographic Province which is characterized

by alternating ridges and valleys trend'ing in a northeast-south-

west direct'ion. The extreme southeastern part of the County is

in the mounta'inous Blue Ridge Physiograph'ic Province. The

Alleghany Mountains and the Blue Ridge form the western and

eastern County borders, respectively, whjle the Shenandoah Va'l1ey

lies between these two mountain ranges, spanning near'ly 22 miles

at its widest point.

Elevation ranges vary widely in the County (Plate 2).

The hjghest point is Flagpoie Knob at 4,381 feet above sea ieve'l,

seven m'iles west of Rawley Springs and one and one-quarter miles

east of the l,iest V"irginia ljne. The lowest point is approxi-

mateiy 900 feet above sea level where the South Fork of the

Shenandoah River flows out of Rockjngham County into Page County

about f ive m'iles north of El kton.

Massanutten Mountajn is the most notable of several promi-

nent landforms in the County. Rising 1,800 feet above the va11ey

floor, this un'ique double ridge extends about 10 nriles'into the

County from the northeast and terminates in a spectacular peak

near McGaheysvi 1 i e. The Mountai n i s about 45 mi'les long w'ith

-15
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the northern terminus at Strasburg jn Shenandoah County. Near

the southern peak is a feature known as "The Kettle", d Scooped-

out bowl area bounded by the eastern and western ridges and the

peak proper.

Mole Hill 'is a volcanjc plug located about four miles west

of Hamisonburg which rises abruptly out of the valtey floor to

a hejght of 500 feet. It is regarded as one of the nnost gut-

standing igneous rock occurrences jn the Appalachian Va11ey area

of the State.

Caves and caverns are abundant throughout the County

(Plate 2). According to Douglas (1963), 100 caves are known,

ranking this County third among all others in the State. This

jncludes two conmerc'ial caves, Endless Caverns and Massanutten

Caverns. An abundance of sinkholes, almost exclusively found

in limestone regions, jndicates the area is riddled with sub-

surface solution channels and caves, typical features of

karst terrains.

Dra'inaqe

Rockingham County is located entire]y within the upper

Potomac-shenandoah Rjver Basin. Extending from Highland County

in the west to the Chesapeake Bay in the east' the Basin covers

5,706 square miles in Virginia alone.

Three major rivers drajn the County (P'late 2). The North

River drains the southern and southwestern parts and ioins the

Middle River at the Augusta County line, one mile west of



Grottoes. l'l'iddle River in turn joins with the South River at

Port Republ ic to form the headwaters of the South Fork of the

Shenandoah River. From there it flows northeastward fo'llowing

the western foothills of the Blue Ridge, leaving Rockingham

County approxirnately five miles north of Elkton. The River's

course'is marked by a m'ile-wide flood plain and is bordered by

gravel deposits up to 100 feet thick in some places. The

northwest and northern parts of the County are drained by the

North Fork of the Shenandoah River which flows out of the

County approximately four miles northeast of Timbervi'lle.

Cl imate

tilild winters and warm, humid suwners characterize the

climate of the study area. The two major controlling factors

are the mountainous nature of the area and the wide range in

elevation.

According to Crockett (I972), the average annual temperature

for the County is approximately 54o F. Extremes have been re-

ported as high as 101of in July 1954 and as low as -16oF in

January 1953. July and August are the warmest months while De-

cember and January are the coldest. Average annual precipitation

is approximately 35 inches with rainfall the dominant precipi-

tation factor. Sunrner rainfall is provided principally by

showers and thunderstorrns, the latter occurring on an average of

40 days. The greatest precipitation generaily occurs in Ju'ly

and August. Although the average snowfail figure is approxi-



mately 26 inches, measurements'in the last 17 years have varied

from three inches to 59 inches.

Table 1 lists temperature and precipitation data from the

two non-recording'weather stations maintained by the National

Weather Service.

Month

TABLE 1

1975 DATA RECORDED AT
ROCKINGHAM COUNTY WEATHER STATIONS

Average Temperature Total Precipitat'ion

(Degrees Fahrenheit) (Inches)

Dal e Dal e
Enterprise Timbervil le Enterprise T'imbervil le

January
February
March
Apri 1

May
June
July
August
September
0ctober
November
December

1948- 197 3

Source:

35. 3
37.0
4A.7
49. 1

64.7
68.5
71.0
7 2.0
61. 5
56.7
48.3
35.7

53.4
53 .7

37 .3
41,7
49.9
65.6
7L.4
73.1

54.5
53 .5

2 .88
5 .07
t.26
4.35
?46
4.84

2.4r
?.4I
5. 58
1 .54
1 .94
4.32
4.45
3.?r
6.97
t.7t
1.62
2.48

38.64
36.26

35.8 2.03

74.6 5.12
63.5 5.84
57.0 2.68
47 .8 2.49
35 .7 2 .71

42.33
34.62

National Oceanic and Atmospheric Administratjon and
Virg'inia Water Resources Research Center

Soils and Vegetation

Rock'ingham County soils can be grouped jnto three maior

associations: mountainous soils, va11ey soils derived fnom

carbonate rock and from shale and shaly limestone, and al'luvial

2t



soi I s.

As evidenced by Plate 2 approximately 50 percent of the

County is covered by mountainous soils. These soils are fairly

shallow in the west but much deeperin the Biue Ridge areas and

the Massanutten Mounta'in sector. All soil types in these high-

land areas are well drained, part'iculariy on the steep western

siopes near the base of the Blue Ridge, and contribute very

little recharge to groundwater.

The Valley so'i1s comprise the bulk of the remaining area

and are derived from the carbonate rock, shale and shaly lime-

stone which ribbon the valley floor jn a generai north-south

trend. These lowland soils are well drained, 20-50 inches deep

on slopes and deeper in the 1ow-1ying areas, and offer favorable

conditions for groundwater recharge. Numerous rock outcrops are

common.

Alluvial and colluvial soils occupy the valley f'loor

aiong streams and rivers. Soils conrnon to these drafnage-ways

are moderately well to well drained and are generally quite

thick. Terraced flood plains are common and may be flat or

gently sioped. These soils fosterincreased groundwater in-

fjltration due to their permeability and proximity to major

ri vers .

Vegetation consists of forest lands and agricultural areas,

the latter accounting for the major portion of the val'ley where

grazing and cropland predominate. 0ver half of the County's
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557,440 acres are forested;138,169 acres are included'in the

George bJashington Natjonal Forest in the western part of the

County. Most forests are the oak-hickory type with substantial

tracts in the western half covered by Several pine species and

mixed hardwoods. Such major forest areas provide 'large water-

sheds to replenish and mainta'in both surface water and ground-

water.





CHAPTER I I I

HYDROGEOLOGY

Geology and Groundwater

The close relationship between geology and the

occurrence, d'istribution, availab'ility and quality of ground-

water makes geologic jnformat'ion a prerequis'ite to under-

standing the hydrogeology of an area. Topography, rock type

and geo'logic structure are principal factors which govern

the storage, transmiss'ion, yie1d, quality and utilizatjon
possibil ities of groundwater. Other elements infiuencing

groundwater jnclude soii, vegetation, temperature and certain

works of man. 0verrid'ing most of these factors are quantity,

intensity, frequency, duration and distributjon of precipi-

tation. The hydrologic cycte (Plate 3) explains the cjrcula-

tion of water among the oceans, air, land surface and

underground.

Topography is a significant factor influencing ground-

water conditjons. As a general rule, iow-1ying areas near hills
and mounta'inous regions should be considered as having greater

groundwater potential than the h'igher elevations because run-

off from slopes results in increased infiltration 'in va11eys.

Pervious soils, cult'ivated land and dense vegetation al'low

greater infiltration than do clayey and barren lands whjch

are conduc'ive to higher rates of runoff. Hjgh temperature

/.3
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THE HYDROLOGIC CYCLE.

YO lron

Pl ate No. 3
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Source: G'ibson and Singer (1971)
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coupled with a high degree of evaporation negatively affects

groundwater recharge. In urban areas, runoff jncreases and

infiltration dimin'ishes due to the imoermeable exoanse created

by paved areas and buildings.

Different types of rock vary considerably jn their ability
to absorb, store, and yie]d water. Except for the Biue Ridge,

Rockingham County is underlain by sedimentary rocks which were

deposited in ancient seas. These rocks contain water in voids,

bedding planes, fractures and solution channels. The predcxni-

nant rock types jn the County are l'imestone, shale, sandstone,

and unconsol idated sand and gravel . For the purpose of this

report, fimestone, a calcium carbonate, and dolomite, a calcium-
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magnesjum carbonate, wiII be termed 'loosely as "carbonates".

Carbonate rocks have highly variable water-bearing

properties and are good to poor aquifers. Where joints have

been enlarged into solution channels by the dissolv'ing action

of water, large volumes of water may be stored and transmitted

(Plates 4C and 4F). The solution actjon can produce openings

as large as the greatest caves. It is generally believed

that the format'ion of solution channels in carbonate rocks

operates most actively above and 'immediately below the water

table, where the water in the rocks contains a greater charge

of carbon dioxide and circulates most vigorously. Carbonate

rocks adjacent to major streams have a high potential for re-

charge and are relatively unaffected by seasonal water table

fluctuations. Therefore,, limestone and dolomite formations

which outcrop near major streams may be very prolific aqu'ifers,

whereas those occurring in areas remote from major streams

may produce only meager amounts of groundwater.

Shale has relative'ly high porosity, but permeability is

very 1ow. Small to sometimes fair quantities of water may be

obtained from pore spaces, joints, bedding planes and shaley

partings, but shale generally forms an aquiciude or barrier

confin'ing groundwater to underlying aquifers. Clay has hydro-

'logic properties similar to those of shale and is relative'ly

impermeable; i.e., incapable of supplying water to wel1s.
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EXAHPLES OF ROCK POROSITY
(n) Wet l-sorted sediment - high porosity; (g) wet t-
sorted sediment consisting of porous pebbles - very
high porosity; (C) Porosity resulting from dissolutlon;(0) poorly-sorted sedinrent - l*r porosi ty; (g) Wet t-
sorted sedinrent wi th intergranular space f i I led with
"cementrr - very lcl.l porosity; (F) porosity developed
along fractures.

Source: Heinzer (1923) PLATE NO.4

Sandstone contains water in pore spaces which are

dependent on sorting, grain size, shape, packing, and most

'importantly, degree of cementation (plate 4E). Sandstone

cemented with soluble calcite or unstable clay minerals may

break down easily and develop high permeability. Some car-

careous sandstone formations are excellent aquifers, but a

sandstone cementd with silica may have practically no

permeabil ity unless fractured.

unconsolidated sand and gravel in alluvium and terrace

deposits are highly porous and permeable and usually occupy

areas favorable for groundwater recharge (plates 4A, 48 and

4D). Sand and gravel beds lying adjacent to, and below the

level of, a major stream often yield abundant supplies of

28



groundwater, while sand and gravel in deep strata are also

good aqu'ifers. S'im'i1ar deposits at higher elevat'ions may

contain I ittle groundwater.

Igneous and metamorph'ic rocks have very 1ow porosity

and permeabiiity. However, small supplies of water are gen-

eral'ly available near the surface where weatherjng has partially

decomposed the rocks. Below the weathered zone small quanti-

ties of water may oeculin fractures and a'long contacts

between different rock types.

Geologic structure may strongly influence the occurrence

of groundwater, and this is especia'l1y true in certain areas

of Rockingham County. Ant'iclines (up-fo'lds'in the rock strata)

may bring good water-bearing beds near the surface a'long their

axes and bury them along the flanks (Plate 5A). Similar]y,

synclines (down-folds 'in rock beds) may bring water-bearing

units near the surface on the flanks or may cause them to

descend to great depths along the ax'is (Plate 58). The axial

portion of a syncline can act as a collection area and, if
tapped, ffidy y'ie'ld signif icant quantit j es of water under high

pressure. Water may flow under its own pressure to or above

the land surface, and when this occurs, the well is termed

"artesian". Similarly, excel'lent groundwater storage potent'ial

exists along well-fractured anticljnal axes, but water

pressure is general'ly not suff ic'ient to cause artesian

condi ti ons .



STRUCTURAL INFLUENCES IN GROUND.WATER AVAILABILITY
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A, An anticline may bring a water-bearing rock bed near the surface at
its axis or send it to great depths along its flanks.
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B. A syncline may bring a water-bearing rock bed near the surface at
its flanks or bury it at its axis.
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Faults are fracture zones along whjch there has been

displacement of rock masses relative to one another, and they

often paral1e1 folding. The associated fracture openings in

soluble rocks may be enlarged by the solution action of -qround-

water, thereby resulting in high well yields. Faulting can

also be detrimental to the groundwater potential of an area.

Not only can it act as a collection zone for groundwater

through the secondary permeability it creates, but it may also

serve as a barrjer to limit groundwater movernent by causing the

disaooearance of a water-bearinq formation.

Joints are fractures along which there has been no

appreciable movement. They are favorable to groundwater

occurrence, but, like faults and other fractures, tend to

become fewer and smal ler w'ith depth.

Hydrogeology of Rockingham County

A variety of sedimentary, igneous and rnetamorphic rocks

occur in relative1y narrow northeast-trending beits in the

County. These rocks have been heavily folded, and two major

faults run almost the 'length of the County. Geologic and

groundwater conditions of the area are illustrated on Plates

6 and 7.

Geoloqic S.etting. The oldest rocks crop out on the Blue

Ridge along the eastern boundary of the County and consist of Pre-

cambrian igneous and metamorphic types generally considered to

be older than 600 million years. Huge masses of granite were
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injected into thjs area followed by extensive volcan'ic ac-

tivity which created lava flows result'ing in the present-day

greenstone covering much of the B'lue Ridge.

The rock formations become younger from southeast to

northwest across the Shenandoah Va11ey, an area ma'iniy under-

lain by carbonate rocks of Cambrian and 0rdovician age (600-

425 million years old). These rocks, limestone and dolomite,

were deposited when severe deformation caused a 'long, narrow

trough to form in a northeast-southwest direction generally

cojnciding with the present locatjon of the Appalachian

Mounta'in Range from Ajabama to Newfoundland. This huge de-

pressjon was repeatedly invaded by the sea and served as a

depositional site for thousands of feet of sediments over

millions of years. During the Silurian, Devonian and M'ississip-

pian ages (425-300 million years ago) when uplift caused the

sea to retreat, there was rapid eros'ion result'ing in transport

of clast'ic sediments into the depos'itional trough which.later

consolidated into the younger shale and sandstone units pre-

dominating in Massanutten Mountain and west of L'ittle North

Mountain.

Following this long deposjtional and up'lift period the

area was again subjected to horjzontal forces from the south-

east which folded the sedimentary rocks into a series of anti-

clines and synclines and in some places disp'laced huge masses

of rock for thousands of feet a'long fau'lt planes. Erosion and
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terrestrial deposition over the last 300 million years has

altered the land surface to its present topography. The more

resistant rocks, such as sandstone and quartzite, from the

ridges while the less resistant shale and limestone units have

been eroded to form the va1 1 eys.

A number of younger igneous 'intrusions emplaced in the

older sedimentary rocks are thought to be of Triassic Age

(ar"ound 200 million years old). The youngest depos'its' less

than two million years old, are the terraces and flood-p1ain

alluvium which occur in proxim'ity to the major streams.

Geologic Formations and -Groundwater Occurrence. The

occurrence, I'ithology, and average th'ickness of the formations

dlscussed above are detailed in the following paragraphs as a

prelude to d'iscussing groundwater occurrence and availability

in Rockingham County. Nomenclature is consjstent with that

used in Bulletin 76, Geo-'logy and Mineral Resources of Fockinq-

ham County by hii I liam B. Brent, publ ished by the Div'ision of

Mineral Resources in 1960.

Groundwater condit'ions vary considerab'ly across Rockingham

County due to the diverse geology and topography. The Cambro-

0rdovician carbonates are cons'idered the best producers, es-

pecially where 'large streams traverse these formations and

where thick deposits of alluvium have accumulated. The Silurian,

Devonian, and Mjssissippian shale and sandstone units along

with some of the other carbonate formations have only moderate
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potentia'l for groundvrater, and the'iqneous and metamorphic

rocks forming the Blue R'idge are poor sources.

Precambrian and/or Cambrian rocks (older than 600 mill'ion

years) designated as the Virginia Blue Ridge Complex form the

main core of the Blue Ridge. These rocks consjst principally

of granodiorite and gneiss and crop out on the crest of the

Blue Ridge east of Elkton. Most of the Blue Ridge in Rocking-

ham County is capped by the Catoctin greenstone which was

formed by volcanic lava flows during e'ither Precambrian or

Cambrian time. All of these rocks are poor groundwater

producers.

Cambrian units (600-500 milljon years old) cons'ist of a thick

series of shale and carbonate rock along with lesser units of

quartzite and slate. Two important aqujfers are the Elbrook

dolomite and the Conococheague limestone. The Elbrook underlies

most of the South Fork of the Shenandoah River as 'it makes its

course northward from Grottoes to Elkton; two other outcrop

areas follow fault zones in the central and western parts of

the County. The Conococheague crops out in three narrow north-

east-trending be'lts jn the central valley.

The 0rdovic'ian carbonates (500-425 million years old) com-

prise the bulk of the water-bearing format'ions in the County.

The Beekmantown and Edinburg formations are the two principal

aquifers, while the Martinsburg shale is a lesser yet signifi-
cant water-bearing formation. The Beekmantown is basically a
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dolomite body and covers a large portjon of the valiey f'loor.

Abundant chert 'in this formation is responsible for many of

the rounded knobs cormon in the Va11ey. The Edinburg is a

thick limestone and shaie un'it exposed in several fairly wide

belts in the central part of the County. Maior population

centers, including a 'large part of Harrisonburg, the towns of

Bridgewater, Broadway, Dayton, and part of T'imberv'ille, are

developed on the Edinburg.

The Martinsburg formation, up to 3000 feet thick, is pre-

dominantly a calcareous shale with a few possjble lirnestone

beds which may account for the fair groundwater potential

ava'ilable from the unjt. It is one of the most persistent

formations in the Shenandoah Valley and 'is widely exposed in

Rockingham County. Two large exposures flank each side of the

Massanutten Mounta'in, and several other outcrop belts underlie

the lowland areas elsewhere in the centra'l valley.

Silurian rocks (425-405 mil lion years o'ld) consist of

relatively thin strata of sandstone, shale and 'limestone. Sil-

urian sandstone is h'ighly resistant to weathering and js one of

the principa'l ridge-formers in the Appalachjan Mountains.

Massanutten Mountain .is rimmed by one of these sandstone

format'ions. Silurian rocks generally are poor aquifers.

Thick Devonian units (405-345 m'ilf ion years old) crop

out west of Little North Mountain and in Massanutten Mounta'in

and are comprised ma'in'ly of shale and sandstone with minor
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amounts of limestone. They offer poor groundwater prospects.

Only one llississippian formation (345-310 million years

old), the Pocono, is present in the County. This massive, light-

colored sandstone 'is prevalent in the Hone Quarry-Rawley Springs

area and is a poor aquifen.

Triassic rocks believed to be of 230-180 m'illion years

old are basic igneous rocks wh'ich have intruded the older

sedimentary rocks in several places, the largest of wh'ich forms

Mole Hill west of Harrisonburg. They offer very little ground-

water potential.

Quaternary materials (2 milfion years old-present)

constituting the youngest deposits in the County are the flood-

plain al'luvium and terace deposits above the flood plains

that represent former levels of the major streams. Notable

areas 'in which these depos'its of gravel , sand, silt and clay

occur are along the North and South Forks of the Shenandoah

and the Dry and North R'ivers. These deposits are excellent

aquifers.

Geologic Structure. 0f the four major structural fea-

tures present in Rockingham County, the Massanutten Sync'line

is probably the most important from a hydrogeologic standpoint.

The Syncline is basically a very large trough which extends

far beyond the County's northern and southern borders and

includes Massanutten Mountain. A major formation in the

Syncline is the Martinsburg shale which has an east-west span



of several miles jn some p'laces.

The Adams Run Anticline in the northwest is the other

maJor folded feature. This structure brings older Qrdovician

rocks to the surface to form Church Mountain, the southern

terminus of which is at Fulks Run.

Two maior fau]t zones slice through the County in a

northeast-southwest direction. The Pulaski-staunton fau'lt

runs through l,lassanetta Springs northward iust west of Keez'le-

tovtn, while the Little North Mountain fauit passes west of

Briery Branch and Singer's Glen and extends northward between

Brock's Gap and Cootes Store. In both cases older Cambrian

rocks have been thrust northwestward over younger 0rdovician

units.

These structural features directly'influence groundwater

conditions. The Massanutten Sync'line serves as a large runoff

collection area to recharge the Martinsburg shale and under'lying

carbonate formations, and Church Mounta'in offers steep slopes to

provide recharge to the northwest section of the County. Maior

fracture patterns have been developed in the carbonate forma-

tions bordering the maior faults, thus facilitating 'infiltration

and groundwater occurrence.

Table 2 summarizes the geologic forrnations of Rockingham

County including the'ir water-bearing properties. Groundwater

potential of the vapious geo'logic formations underlying the

County will be elaborated upon in the next chapter.
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Groundwater Movement and.Storage

l^lhile there have been no detailed studies conducted of

groundwater movement and storage 'in Rockingham County, 'it j s

recognized that a very close relationship exists between sur-

face water and groundwater. Groundwater movement and storage

are influenced b.y topoqraphy, rock type, and qeoloqjc structure.

and movement is generally in the same djrection as surface

runoff, only much slower. Movement and storage patterns in

three different sectors can be delineated: those in a) allu-

vial depos'its; b) carbonate formations; and c) shale/sandstone

uni ts.

Movement. Elevation is the prime factor determining

groundwater movement in alluvial deposits. llhen the water

table is at a higher elevation than a stream bed, groundwater

wi'll move toward the stream, thus mainta'ining surface flow

during dry periods. During those times of yealin late summer

and eariy fall when the water table generally drops, condjtions

may reverse result'ing in seepage of water from the stream jnto

adiacent f1 ood-p1ain deposi ts.

Groundwater movement within the thin'ly-covered carbonate

rocks underlyr'ng the central portion of the County is more

complex. Some of the carbonates are very dense and res'istant

to the dissolv"ing action of water while others commonly con-

tain abundant solution cav'ities and provide for rapid movement

and abundant storage of groundwater. The unpredictable sjze,
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shape, and direction of solution cav'ities makes groundwater

movement very erratic in the carbonates. Where highly-fractured

carbonates are exposed at the surface, optimum conditions often

exist for surface runoff to enter directly into solution

channels. Quite often a single sinkhole serves as a major

infiltrat'ion point for groundwater recharge. Once water enters

solut'ion cavity systems, 'it behaves much in the same manner as

surface streams and may discharge some distance away as a

spring. Many of the large springs in Rock'ingham County (such

as Lacey Spring) are believed to orjginate in this manner.

Sometimes an entire stream may disappear in carbonate rocks

and emerge as a large spring many miles away, thus giving rise

to such names as Sinking Creek or Lost R'iver. However, there

are no known examples of this situation in Rockingham County.

Movement in the shale/sandstone areas of the western part

of the County js relatively simple. Water infiltrates the rock

until 'it intersects bedding planes and then flows down-dip.

Very few fractures are found in shale, so movement patterns are

directly controlled by structure.

Storage. Maximum groundwater storage is poss'ible in the

alluvial and terrace deposits bordering maior streams. These

deposits consist mainly of coarse gravels and boulders which

provide maximum voids. The most important groundwater storage

area jn this County'is the alluvium bordering the South Fork

of the Shenandoah River. Other notable examoles are alonq
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Briery Branch and Dry River in the southwest and along the

North Fot k of the Shenandoah R'iver between Timberville and

the Shenandoah County ljne.

Where the flood-p1a'in deposits overlie carbonate rocks

with abundant solution cavities, groundwater cond'itjons are

considerably enhanced. Not only do these deposits provide for

storage at shal'low depthsn but deeper wells can often tap

abundant supplies stored in the cavernous bedrock.

Storage in carbonate rocks depends, as with movement, on

the rocks' resistance to the dissolving action of water, Large

solution voids somet'imes act as reservoirs, and fractures

resulting from structural activity can contain vast amounts of

water.

The shale formations as wel I as most of the sandstone units

seldom afford adequate groundwater storage. A possible excep-

tion is the Martinsburg shale un'it underlying much of the

central va11ey portion of the county. The unit 'is situated 'in a

syncline which tends to divert and collect groundwater along the

structura'l trough even though the rock composition does not

favor significant storage. shale un'its west of Litile North

Mountain, however, have undergone relatively insignificant

structural changes and are not considered good for groundwater

storage. The absence of large springs and the fact that Dry

River sometimes ceases to flow during the late summer months

seem to bear this out.
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CHAPTTR iV

GROUNDWATER POTENTlAL AND DTVELOPMENT

Groundwater Potential

The groundwater potent'ial of an area js the abjlity of

that area to yield groundwater. Potent'ial is a relative guide-

line determined mainly by rock type, though factors such as

topography and geologic structure are also important.

Owing to the diversity and complexity of the hydrogeoiogic

environment, obta'ining groundwater in Rockingham County is not

a simple matter of putting down a hole as it can be in rela-

tively uniform hydrogeologic areas such as the Coastal Plain

of V jrg'inia. Five ma jor hydrogeologic un jts are del'ineated on

Plate 6: Cambrian and Precambrian basement formations; Ordo-

v'icjan and Cambrian carbonate formatjons; the Martinsburg

formation; Miss'issippian, Devonian and Silurian formations; and

alluv'ium, terrace and flood plain deposits. 0n thjs basjs,

three major hydrogeologic areas have been defined 'in the

County: the Blue Ridge; the Central Va11ey; and the area west

of L'i ttl e North Mou ntai n .

Specifjc water-bearing characteristjcs of each of these

areas js discussed be1ow. The'information is based mainly upon

well construction and pumpage data presentiy ava'ilable.

Blue Ridge Area. Poor groundwater potential characterizes
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this region. The igneous and metamorphic rocks which ma,ke up

the Blue Ridge and its environs are typically very dense and

contain no pore spaces in which water can collect and move.

water is generally confined to a few small cracks and fractures

occurring near the surface where the material may have been

subjected to weathering. Fractures that do exist usually are

not large enough to supp'ly more than a few gallons per minute.

Other factors contributing to the unfavorable conditions for

gnoundwater are the steep slopes resulting in a high rate of

runoff and the shallow soil cover reducing the amount of in-

filtration. However, these factors are secondary; gentie

s'lopes and thick soils would resu'lt only in a very limited in-

crease 'in potential due to the poor porosity and permeability

of the rocks in this area.

Central Valle.y Area. The central valley, the best ground-

water potential zone'in this county, includes the area between

the western toe of the Blue Ridge and the eastern base of

Little North Mounta'in. Although Massanutten Mountain'is located

within these boundaries, 'it wiII be discussed under "Area west

of Ljttle North Mountain" due to its hydrogeologic similarity
with that sector.

The carbonate formations and the overlying alluvial and

terrace deposits along the west toe of the Blue Ridge offer

maximum groundwater potential in Rockingham County. This high-

potential area stretches the length of the county and is capable



of yielding many m'ill jons of gallons of water dai1y. it ranks

as one of V'irg'inia's better groundwater-producing areas west of

the Coastal Plain province.

A number of factors combine to account for this remarkable

high-potential area. The present-day flood p'la'in and the older

terrace deposits of the Shenandoah River are a mile wide jn

places and may exceed 100 feet in thickness. The terraces are

step-'like and are formed of alluvjal material , mostly sand and

gravel, deposited by the River as it flowed at higher elevations

in the past. The extreme width can be attributed to extensive

meandering as the River snaked its way along the western base

of the Blue R'idge.

These unconsol'idated sediments receive abundant recharge

jn the form of runoff, both surface and subsurface, from the

west slope of the Blue Ridge. Groundwater is transmitted along

bedding pianes of the westward-dipping rocks and 'is channeled

toward the South Fork via the alluvium. These cond'itions,

plus the fact that the entire alluvial area js traversed by the

River, account foi the exceptionally high groundwater potential.

In addition, the alluvium recharges the carbonate aquifers

under'lying the River, terraces and flood p1ain. In periods of

high flow the stream acts as a source of recharge to the sur-

rounding sediments. The area can be likened to a large sponge

collecting runoff from the Biue Ridge and 'infiltratjon from

the River.
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The carbonate aquifers west of the South Fork of the

Shenandoah R'iver are far less productive than those overlain by

the alluv'ial deposits, yet they offer a very good source of

groundwater for both domest'ic and non-domestic supplies. It
should be emphasized, however, that although these formations

offer fa'ir'ly good potential , their yield is h'igh1y variable and

unpredictable due to their physical and chemical characterist'ics.

Some of the limestone in this region is susceptible to

formation of extensive solution channels and cavities capable

of producing large quantit'ies of water. 0ther limestone units

and some of the dolomite format'ions are less susceptible to

solution action, |Bt they too are cons'idered reasonably reiia-

bl e water producers.

Structural conditions are a very important factolin

determining the groundwater potential of the central va1'ley

s'ince they create several distinct areas where the same water-

bearing formation may be developed. The Massanutten Syncline

has caused each of the 0rdovician carbonate formations to sur-

face twice between Keezletown and the South Fork of the Shenan-

doah River. Additional folding and faultjng has caused most of

these same units to appear at or very near the surface at

several other places from Keezletown west to Little North

Mountain. Faultinq has fractured and sheared the rock to create

numerous water collection areas in add'ition to determininq the

location of many of the units.
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Pumpage .flrorn .the carbonat.e',formatiohs, particulari.y. those

oven.la'in:by the alluyial,and terraee deposi.ts.along the South

Fork, can' 1r'kely be,doubiled, over pre'sen't,,development. It is

imperative, however, that responsible groundwater management:

practices are observed so that maximum potentia'l may be realized.

The Martinsburg fornntion is principally a shale un'it and

does not have the potential for groundwater development conmon

to the carbonate formations. A significant number of wells

wi th margi na'l product'ivi ty have been dri I I ed i n the Marti nsburg .

It is more productive than the average shale unit, though, drd

is a fairly reliable domest'ic suppf ier. This is probably due

to the possib'le existence of minor limestone beds and the cal-

careous nature of the shale; geologic structure may also be a

contributing factor. The Martinsburg is one of the major folded

units and serves as a large catcfrment for runoff from Massanutten

Mountain. This folding comb'ined with the probable fracturing

along the axial portion of the Syncline enhances the ground-

water capabilities of the formation.

Area West of Littie North Mountain. Poor to fair ground-

water potential is the rule in the western th'ird of the County.

All the Mississippian, Devonian and Silurian formations are

principa]1y shale, sandstone and quartzite units which are

open'ly folded and have undergone rel at'ive'ly I i ttle deformation.

The resultant lack of fractures leaves few places for ground-

water to collect, store and move.
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The only occurrence of these units east of Little North

Hountain is in Massanutten Mountain. Though severe'ly deformed'

the rocks in this area offer extremely limited groundwater

potenti a1 .

Groundwater Devel opment

Groundwater is the principal source of water supply for

the maior portion of this County. t.lell over half the population

is supplied by groundwater systems (exc'luding the independent

city of Harrisonburg which is supplied by surface water). Five

of the seven incorporated towns, Dayton, Elkton, Grottoes, Mt.

Crawford and Timberville, use groundwater. 0f these' all but

Mt. Crawford has a public system. A large percentage of

housing developments and industry tap groundwater resources' and

virtually all domestic systems are supplied by wells or springs.

Daiiy groundwater withdrawal in Rockingham County is

probably about l5 million gai'lons per day (mgd). Industry alone

accounts for over 8 mgdi cormercial systems utilizing ground-

water account for less than 1 mgd. Public and domestic systems

likely use close to 6 mgd. Virtually a'll industrial pumpage is

derived from the terace and flood pla'in deposits of the South

Fork of the Shenandoah River, while most domestic, corunercial

and public supplies tap the central valley carbonate formations.

Groundwater development 'is confined mainly to the valley

(including the South Fork alluvial deposits) between the Blue

Ridge and Little North Mounta'in. Sparse domestic development
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has been accomp'lished in the higher elevations to the east and

west, but very few data are availab]e. The Kettle area of

Massanutten Mountain has been developed cormercial'ly and is

covered briefiy in the following discussion.

The data presented below assumes no differentiation be-

tween domestic wells and those used for public, industrial or

conmercial supp'lies. In practical terms, developers of indus-

trial and pub'lic systems will be able to spend a greater amount

of money than the average homeowner interested in developing a

domestic supply. Domest'ic wel'ls, as a result, are generally

shallower and equ'ipped with smal'ler capacity pumps and conse-

quently exhibit smaller yields than the larger wel'ls necessary

for industry and municipalities.

The Cambro-0rdovician carbonates and the trlartinsburg

formation have been developed to a far greater extent than the

remain'ing formations. Table 3 shows the depth yieid relation-

ships for these two hydrogeologic units.

Carbonate Formations. Very few we1ls in carbonates in the

County pt'oduce less than 10 ga1'lons per minute (gpm). The

average well yields 20-50 gpm, and many have production in the

order of hundreds of gpm, though.most of these tap formations

overlain by alluvial deposits. Water zones may be encountered

as deep as 500 feet, though seldom deeper, and it is cormon

for a we1l to tap multipie water zones. Most wells in car-

bonates in the County are drilled approximately 300 feet, but



AVERAGE YIELD
CARBONATES AND

TABLE 3

(GPr{) By WELL DEPTH FOR THE CAMBRO-ORDOViCIAN
THE MARTINSBURG FORMATION IN ROCKINGHAI1 COUNTY*

CAIVIBRO-ORDOVICIAN MARTINSBURG
CARBONATES FORMATION

0-99
r 00-r 99
?00-299
300-399
400-499

Below 500

410 (11)
24 (30)

il8 (27)
tez (21 )
3e (r6)
3e (22)

No Data
il (r2)
ilt (4)
68 (4)
6 (3)

27 (7)

*Parentheses () indicate number of wells used in mak'ing yield
calculation for a particulr depth. All yields rounded.

Source : V'i rgi n i a State f,Jater Control Board - V R0

wells in the 400-600 foot range are not uncommon.

The Beekmantown and the Edinburg format'ions are the two

major water-bearing carbonate formations in Rockingham County

with the exception of the Rome and Elbrook formations which are

traversed by the South Fork of the Shenandoah River. According

to available data, the average Edinburg we]1 is around 250 feet

deep and produces approximately 35 gpm. Depths range from 70-790

feet and yields range up to 250 gpm. |^lells less than 200 feet

deep have an average yield of around l5 gpm, and those deeper than

200 feet average from 20 to 50 gpm. l,lells drilled from 400 to

500 feet deep have produced on the average around 25 gpm.

The Beekmantown seems to be the more productive of the two

formations. From data collected thus far, 'it appears that

better production is possible at shallower depths than is

genera'l1y necessary in the Edinburg. hlells jn the Beekmantown

average around 350 feet in depth with an average production of
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about 45 gpm. Reported depths range from 90 to 800 feet, and

yields range up to 313 gpm. hle'lls less than 200 feet'have an

average y'ield of nearly 30 gpm, and those greater than ?00 feet

average from 35 to 83 gpm. The greater average yie1d, g3 gpm,

is for wells between 400 and 500 feet deep.

Two of the most notable Beekmantown wells are those

supplying the town of T'imbervil le (85 and 131). Both are

drilled very close to the North Fork of the shenandoah R.iver

and are 'likely recharged by the strean. producing more than

250 gpm each, they bear out the fact that hjgh yields are

generaiiy available in alluvial areas. A 309-foot well in
Montezuma drilled in the alluvium bordering the Dry River yields

60 gpm, yet a weii just across the river (230) yields on'ly 15

gpm. The large difference, is probably attributable to the

latter well being drilled to a depth of only 105 feet.
Mud seams are corrnonly encountered in carbonate rocksr pdr-

ticularly in the Beekmantown and Ed'inburg formatjons. Flud seams

are solution channels which have become filled with sediment by

the continued process of water infiltration. The channel is

genera'l1y able to transmit water, though it is extreme'ly muddy,

and must be pumped sometimes as long as a week before the water

clears. 0ccas'ionally the water cannot be cleared; ald the hole

must be abandoned. Mud seams have been reported in every sector

of the County underlain by carbonate rocks.

A very limited amount of data are availabre from the remain-
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ing carbonate formations. All of the un'its can likely be

developed to y'ie1d small to moderate quantit'ies of water with

the highest potential available where alluvjum-covered flood

plains traverse the rocks. Table 4 lists depth-yie1d relation-

ships for the major carbonate format'ions.

Martinsburq Formation. The Martinsburg formation is

principal'ly a calcareous shale un'it with some possible 'limestone

beds. Covering a large portion of the valley floor, the unit

is one of the most important sources of domestic groundwater

supplies but is less adequate and reliable for public and

'industrial systems.

The average domestic well in the Martinsbutg unit is

around 150 feet deep and produces little more than 10 gpm.

Depths range from 120-220 feet, and the highest reported yield

is 20 gpm. The average non-domestic well (commercia'|, public,

industrial, institutional) is 470 feet deep and produces just

under 60 gpm.

The highest yield reported frqn the Martinsburg formation

'is 325 gpm obtained frorn a 200-foot well (104) owned by the

Massanutten Development Company on the eastern foot of Massa-

nutten Mountain. Indeed, the only wells having a reported

yield above 40 gpm are all owned by that Company. Three other

wells (132,133, 134) on the western slope of the Massanutten

owned by them have al1 yieided over 100 gpm. All of these

wells are situated favorably to receive recharge from the
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mountain slopes.

0n the other hand, wells drilled in the Martinsburg where

recharge conditions are less favorable usually produce meager

amounts of water. A well (174) at Donnaga'i1 Subdivision was

drilled to a depth of 910 feet and encountered only 8 gpm. Well

{L77) was drilled in the same area to a depth of 505 feet and

yielded 25 gpm; two other wells taken to 608 feet each yie'lded

only 6 gpm and 11 gpm, respectively. The wells at Donnagail

also serve as a good illustration that drilling deeper will not

always result in higher yields.

Water l,.Jg]l Development. The locations of approximately

100 wells are indicated on the accompanying map (ptate 8). They

are representative of the County as a whole as far as density,

total depth, stat'ic water level , yie'ld and drawdown are con-

cerned. In many cases several wells in the same area have been

cited because quite often wells in sjmilar geoiogic and topographic

conditjons will be totally different in many other characteristics.

0ften two wells less than 100 feet apart will vary significantly

in yie1d, depth, and stat'ic water level as well as qua'lity due

to ljtho'logic and structural differences. A complete listing
of these and other wells, as well as definitions of some basic

terms, is g'iven in Appendix B.

Public S.vstems. Eighteen pubf ic systems are presently

supplied by groundwater jn Rockingham County. A pubiic system
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is defjned by the Vir"ginia State Department of Health as one

which serves more than 25 individuals or more than 15 resi-

denti al connections .

The average depth of public supply wells in this County is

between 425 and 475 feet. Yields range from 1 gpm to 1016 gpm.

Aside from a few 10- and 1Z-inch vrells, the great majority have

6-inch diameter casings.

Fourteen of the systems are drilled in carbonate rocks,

nine of them tapping the Beekmantown formation. A1'l appear to

supply adequate volumes of water, and the Elkton well (86) which

penetrates the carbonate rock underlying the south Fork alluvial

deposits reportedly delivers better than 1000 gpm. A well (i3)

in this same geologic setting which supplies the town of Grottoes

neported'ly pumps 200 gpm w'ith a drawdown of on'ly five feet. The

town of Dayton is suppiied by Sjlver Lake (i96), a spring-fed

lake with a safe dry weather yield of about 5 mgd

Construction and location of public water supply systems is

regulated by the virgin'ia state Department of Health and must be
Vin compljance with the requirements and standards described in

Waterworks Reclulations (Public Drinking Water Supply), pub-

lished by that Department.

Indu.strjal S.ystems. Few'industries in this County utilize
groundwater sources. The

Chemical Division located

the Shenandoah R'iver just

daily pumpage figures for

major user is the Merck and Company

on the east bank of the South Fork of

south of Elkton. Table 5 lists averaqe

Merck for the years 1970-1975.
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TABLE 5

AVERAGE DAILY GROUNDWATER HITHDRAWALS, rc7A-L975
MERCK CHEMICAL DIVISION, ELKTON, VA.

L970
197 T

1972
1973
L97 4
1975

6-year average

Source: Virginia

AVERAGE PUMPAGE (GPD)

7 ,g7l,927
9,019,155
9,249,925
7 ,953,024
9 ,349 ,612
7,231,851€w

YEAR

State Water Control Board - VRO

The present flood plain and ancient terrace deposits are

very thick here and are underlain by shale and limestone beds

of the Rome and Elbrook formations. Five of the Merck wells

bottom out in the Elbrook and four of them extend into the

Rome; all are prolific producers. Reynoids Metals Co., lo-

cated just across the Augusta County line in Grottoes, is

currentiy pump'ing approximately 3 mgd from the same alluvial

depos i ts .

The other industrial wells are, almost without exception,

located in iimestone units. Daily withdrawals range from less

than 1000 gpd to nearly 80,000 gpd. Table 6 lists the major

industrial users in Rockingham county and their average daily

wi thdrawa'l s.

Industrial weli depths range from 68 to 615 feet and av-

erage around 235 feet. The deepest well (i20), owned by val1ey

64



TABLE 6

|4AJOR INDUSTRIAL GROUNDhIATER USTRS IN ROCKiNGHAII COUNTY

User Averaqe Pumpaqe (qpd)

Bond Lumber and Mi'l'lwork
Jordan Bros. Hatchery
Merck Chemical Division
National Fruit Products
Rockingham Sleepwear
Sarco Corporation
Shen-Mar Food Products
Superior Concrete
Va1 i ey Protein
Wampler Foods

TOTAL

+6-year ayerage from Tab'le 5
**Metered systems; all others

Source: Virginia State f{ater

estimated

Control Board - VRO

1,000
2,000

8,097,?3?*x+
16,074**
L,?97**

12,000
14,225**
1,000

19,000
77 ,760

B741FrIg

Protejn at Linvi'lle, is the only industrial well known to be

drilled in a shale formation. l'le'll diameters are generally six

inches or less with the exception of the Merck and Company wel1s.

Several of these have diameters ranging from 14 to 20 inches.

Domestic Wells. Over two-thirds of the estimated 7000

dornestic wells located in this County have been drilled'in car-

bonate rocks, particularly the Beekmantown and Edinburg forma-

tions. The Beekmantown appears to be the most suitable

domestic suppiier and boasts ha1f of the deveiopment. A large

number have been drilled in the Edinburg formation, though it is

typicaliy a poor groundwater producer. The rema'ining carbonate

formations are nelatively well-suited to domestic water supply



devel opment.

Though shal e i s typi ca'l 1y a very poor aqui fer, the l,larti ns-

burg format'ion 'is an important domestic suppl ielin the study

area. Th'is is due to the existence of possible ljmestone beds

and of many fractures, which is favorable to groundwater occurrence.

The Devon'ian and Silurian shale and sandstone format'ions, however,

are regarded as very poor groundwater unjts but may be deve'loped

for very sma I I domest'i c s uppl i es .

Domest'ic wells greater than 500 feet are uncommon. 0n'ly

seven percent of those on file exceed that depth, and all are

carbonate wells. There appears to be very little difference

jn driliing depth between the carbonate formations and the

Martinsburg shale.

Diameters for all domestic wells on record, except dug we11s,

are between four and six inches. Dug wells usually range from

36 to 48 i nches.

Production as a rule is under 20 gpm. Forty percent yield

between l0 and 20 gpm; 30 percent yield less than l0 gpm. 0f

the remaining 30 percent, only three are reported to yie'ld 50

gpm or greater. Beekmantown wells seem to be the most prolific

as exemplified by two 40-gpm wells 'in the McGaheysville-Elkton

area (35 and 244). |^Jell (242) just north of Montezuma was tested

at 30 gpm. Most Ed'inburg wells produce less than 10 gpm, and

many are under 5 gpm. llartinsburg yields range between l0 and

20 gpm, while production greater than 3 or 4 gpm is rare'in the

Devonian and Silurian shale and sandstone units.

66



lpjl_!g!_. Springs are the result of a natural flow of

groundwater to the surface and are important sources of water

in the central valiey portions of the County. At least four

ptrbfic water systems are suppfied wholly or in part by springs,

and smal'ler springs supply many domestic and farm operations.

The most prolific and largest number of springs issue from the

carbonate formations; smaller springs may be found 'in the shale

and sandstone unjts. Hundreds of small springs and groundwater

seeps are present in the Blue Ridge area, but very few have been

developed as water supplies due to extreme seasonal fluctuations.

Some of the more notable springs include: Lacey Spring,

njne m'iles northeast of Harrjsonburg, reported to yield 4,000

gpm; Silver Spring which feeds Silver Lake at an approximate

rate of 3,500 gpm and is the water suppiy for the town of Dayton;

Bear Lithia Spring, a mile north of Elkton, yield'ing 1,000 gpn;

the Massanetta Springs, four miles southeast of Harrisonburg,

one of which f'lows at 400 gpm; the Town of Timbervjlle Spring,

which fiows at a reported 275 gpm rate; the Town of Elkton

Spring, with a reported yield of 175 gpm; Spring Creek, which

feeds a large natural basin near Spring Creek Post 0ffice re-

poried to be greater than 90 feet deep; and Rawley Springs, the

site of a late 1800's resort establiihed around three small

springs purported to have medicinal effects.

Tide Spring, four mjles southwest of Broadway, is a very

unusual spring in that jt ebbs and flows periodical'ly with no

apparent regularity. According to Brent (1960), at times the



flow exceeds 11000 gpm; 15

Cady (1936) reported that

known in the United States

rest of the world.

minutes later the basin is often dry.

only about 20 of these springs are

and a I i ke number thro.rghout the

68



CHAPTER V

GROUNDWATER QUALITY

Introduction

The quality of groundwater refers to its chemicai, phy-

s'ical and biological characteristics. Groundwater conta'ins

dissolved mineral rnatter, has physical characteristics such as

temperature, taste and odor, and may contain bacterial organ-

isms. These factors are controlled in part by atmospheric

gases, weathering and erosion of rock and soi1, and the

activities of man. Groundwater quality is highly influenced

by the nature of the rock and soil with which it comes in

contact since temperature, pressure and duration of contact

determine the amount of dissolved minerals it contains.

Soil is nature's most efficient system of filtering water.

Water infiltrating through thick soil cover stands an excellent

chance of being purged of its harmful constituents or having

them reduced to harmless concentrations. However, in areas

where rock is exposed at the land surface, particulariy in

carbonate regions where the rock is prone to fracturing and

solut'ion act'ivi ty, the water i s introduced directly i nto the

groundwater regime without the benefit of filtering. Lacking

this cleansing action, it may carry chemical and biological

pollutants which are capabie of degrading the groundwater re-

sources of an entire area.



More than 60 constituents and pnoperties are frequently

included in groundwater quality ana'ryses. Many can be highly

toxic and extreme health hazards, some are undesirable yet

harmless unless in very unusual concentrations, and others are

necessary for bodily functions and general good health. par-

ameters such as arsenic, cadmium, chromium, cyanide, mercury

and iead are extremely toxic r,rhile others such as copper, iron,

manganese and zinc are generally undesirable but may be hazard-

ous in large concentrations. Any groundwater supply intended

for drinking purposes should be anaryzed by the v'irginia De-

partment of Health. Table 7 is a sumnary of conrnon quality
parameters, their reconmended limits, and hazards and benefits

associated with them.

Groundwater Qua'litv By H.vdroqeolooic Area

Groundwater quality varies across Rockingham county by

hydrogeoiogic area. Quaiity as a rure is good, but isolated

problems do exist. Plates 9 and i0 depict hardness and total
dissolved solids values, and rab'le I is a comparison of corrnon

quality indicators for the three hydrogeologic areas. A com-

pilation of qua'lity data appears in Appendix C.

Blue Ridge Area. Based on the rimited quality .information

available for the Blue Ridge region, natural groundwater quality

appears to be quite good. A limited amount of drilling has been

done in shenandoah National park, and according to DeKay (Lg7z),
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all wells sanp'led were very'low in dissorved minerar matter.

val ues for both hardness and tota'l di ssolved sol ids cons'istently

registered below 100 mg/l; a very few high .iron values have been

recorded.

Centrql_Ja]_]sy :!rea. The fol'lowing discussjon will
delineate the two djstinct quality trends characterjstic of the

carbonate formations and the Martjnsburg formation. The

Massanutten Mountajn area, however, has not been jnc'luded due

to a total lack of quality information; the reader is referred

to the section in this chapter entiiled "Area west of Ljttle
North Mounta'in" s'ince the two are hydrogeologically similar.

Total d'issolved mineral matter in the carbonate rocks

seldom exceeds recommended concentrations for potabie water,

but hardness corrnonly poses problems. Hardness in these for-
mations averages approx'imately 285 ng/1. The corrjdor para11-

eling Route 11 between Mt. crawford and Harrisonburg exhib'its

the three highest hardness readings in the County: 63i mq/],

635 mg/.l, and 997 ng/l at weils (52), (171) and (205), F€-

spectively. values of 400 mg/l or higher are not uncornmon jn

this corridor. McGaheysville and the area just east of L'in-

ville also show unusually high hardness reading.s.

Several of the individual carbonate formations oroduce

water of varied hardness. The concocheague limestone formation

tends to be far below the county average, the mean being ress

than 150 mg/l. Well (45) near 0ttobine has a hardness of
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118 mg/l while Bear L'ithia Spring (tZa1 just north of Elkton

has been measured at 78 mg/1. water from both the Beekmantown

and Edinburg formatjons averages above 300 mg/l in hardness,

the latter being nearly 370 mg/l. The Route 11 corridor

ment'ioned as having the highest hardness read'ings is underlain

by the Ed'inburg.

Iron is fairiy'low in all the carbonates except for the

Edinburg. As with hardness, several of the Mt. Crawford area

wells are hjgh in iron, and a few Edinburg wells elsewhere have

produced water with iron concentrat'ions as high as 1.0 mg/l.

Average manganese values are well within the accepted limits

for all carbonate units. sulfate and chloride trends are well

below average, but noticeab]y higher values for both parameters

have been obtained in the corridor north of Mt. Crawford.

However, none of these values exceed reconrnended limits. Sul-

fates of 25.4 ng/1 and 16.4 mg/1 for weils (209) and (210),

respectively, are among the highest recorded in the County as

compared with other carbonate wells exhibiting sulfates in the

5-to 6 mg/1 range. The highest chloride reading, 83 mg/l, has

been recorded in well (ZO0), aiso located in this corridor.

Quality trends in the Martinsburg formation are dist'inctly

different from the carbonate trends for most parameters. Owing

to the fact that the unjt is predominantly an extremely calcium-

rich shale, hardness tends to be very high relative to other

shale un'its but 'is still less than the carbonates with an

approximate 250 mg/1 average. l^lells (a) and (14) two miles
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east of Bridgewater, however, are well in excess of 300 ng/1.

Iron and sulfur concentrat'ions are decidedly higher than

in the carbonates. The highest 'iron value recorded ts 2.40 mg/l

from the Bridgewater Air Park well (92). However, average iron

content 'in the Martinsburg throughout the County is not above

the Drinking l^later Standards establ ished by the Virginia Depart-

ment of Health. Sulfate concentrations of 123.0 and 109.6 have

been recorded from two wells (108 and 110, respect'ively) at

Donnagai I Subd jvis jon.

Area West of L'ittle North Mountain. Verv few wel'ls have

been drilled in the Devonian, Silurian and Mississippian units

of Rockingham County, and even fewer quality ana'lyses are

ava'ilabie. The only wells for which quality analyses are on

file have been constructed in Devonian shale.

Quality trends in thjs area are typical of most shale

regions. The pH is slightly lower than corresponding va'lues

for the carbonates and the Martinsburg, and total dissolved

solids are significantly lower. The main benefit derived from

wells in this area is the relatively 1ow hardness. Although

the water is classed as "moderately hard" since the average

value is just above 100 mg/l, this js less than half the con-

centration found jn other areas of the County. Th'is js due

mainiy to the low concentrations of calcjum and magnesium nor-

ma1'ly found jn shale.

Extremely high iron concentrations offset the benefits of
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reduced hardness. In all cases on record, iron from the

Devonian shale formations 'is in excess of state Drinking water

Standards; just east of Bergton values range fr"om 0.7 *g/1 to
3.70 mg/l in wells (200) and (199), respectiveiy. Very high

sulfate values are suspected, though no data are available for
veri fi cati on

Suspected Groundwater Qual jty Problems

Isolated quality problems have been detected in a few places.

Most of these prob'lems are'isolated cases of one or two parame-

ters in excess of the Drinking water standards established by

the virginia Department of Health, though hardness presents

problems in all areas except the Blue Ridge and the area west

of Little North Mountain. One area, however, exhibits quality

trends s'ignificantly different from those throughout the re-

mainder of the County.

The area 'is a corridor approximately three miles long

which roughly parallels u. s. Route 1l frorn Mt. crawford to

va11ey Bowling Lanes, just south of Hamisonburg. The unusual

sampies appear to be confined to the Edinburg formation. 0f

16 wells sampled along th'is stretch, e'ight have hardness vajues

in excess of 350 mg/l; several exceed 400 mgll, and weil (205)

has a calculated hardness of 997 mg/l. Iron values are high

(0.4 mg/l) for two wells in the vjcinity of the State police

Headquarters. Calcium values as high as 380 mg/l have been

notedo chloride values are far higher than anywhere else in the
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County, and nitrate values in excess of the Drinking ldater

Standards are not unusua'1. Possible petroleum contamination

has been reported on several occasions.

Although most parameters do not exceed Drinking blater

Standards, unusually high values may be either natural or

man-i nduced phenomena and indicate potential qua'lity prob'lems.

Pol lution

Groundwater pollution in carbonate areas can be prevented

by careful managenent of al1 potential po'llutants. Septic

tanks have high potential for pollution in those areas where

soil cover is thin. Barnyards and feediots are a'lso a poten-

tial problem because the County is highly developed agricul-

tura'lly.

Pollutants may be introduced into solution channels via

exposed bedrock and sinkholes and in areas lacking sufficient

soil cover. Sinkholes are a major threat because peop'le tend

to use these depressions in the land surface for the disposal

of trash, rubbish, dead animals, etc. The absence of an ade-

quate soil cover at the bottcnn of the sinkhole means simply

that water passing through the overlying rubble is not filtered

of harmful constituents before it enters solution channels

beneath the depression. These pollutants may spread to areas

being tapped as groundwater sources by unsuspecting consumers.

Groundwater pollution is a more serious problem than

stream pollution. There is no way to treat an aquifer system,

82



so al1 purification must be done on an individual basis. 0nce

pollutants enter the groundwater in carbonate regions, they may

travel many miles in unpred'ictable patterns and persist for

years.

Hydrocarbon csntamination caused by leakage from fuel

storage tanks, 1ines, or spiilage from trucks 'is often a

probiem 'in carbonate areas. Two recent incidents have occurred

at Lacey Springs and just south of Harrisonburg along U.S.

Route 42. The source of the Lacey Springs incident is beljeved

to have been an underground gasof ine storage tank while the

Harrjsonburg problem was caused by an oi1 spilf in a small

stream which apparently entered groundwater and caused wel I

pollution in the area





CHAPTER VI

CONCLUS IONS AND RECOMMENDATIONS

Conclusions

Three major hydrogeologic areas have been 'identifjed in

Rockingham County: the Blue Ridge; the central vailey area;

and the area west of Little North Mountain. In addition, the

centra'l va1ley contains three major un'its: carbonates overlain

by the alluvial deposits of the South Fork of the Shenandoah

R'iver; the carbonate formations west of the River; and the

Mart'insburg shale.

The Blue Ridge area offers the lowest potential and is

least developed. The rocks in this region are dense and afford

very little chance for water to collect and move. Steep slopes

reduce groundwater recharge. Ironically, water quality in th'is

area is better than anywhere else in the County due to a very

low content of dissolved mineral matter.

The area west of L'ittle North Mountain, composed of Silur-

jan, Devonian and Missjssippian shale and sandstone formatjons,

offers poor potential and is sparsely developed. Small domestic

supplies can usually be developed in the area, but larger

suppl ies cannot be real'ized. Hardness is relat'ive1y 1ow; iron

values tend to be'in excess of Virginia Department of Health

Drjnk'ing l^later Standards. Associated high sulfate values are

coflmon.
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The central val1ey offers the best groundwater potentjal.

Maximum groundwater storage is possible in the alluvial and

terrace deposjts bordering the major streams, most notably the

South Fork of the Shenandoah River. Limited industrial devel-

opment has been accomplished jn these units: [lerck Chemical

Division south of Elkton and Reynolds Metals, located just

across the Augusta County line jn Grottoes, presently withdraw

a combjned total of near'ly 9 mgd.

Storage and movement 'in the central valley is highly

variable and complex due to the erratic nature of solution

channels in carbonate rocks. Industrial, commercial, publjc

and domestic wel ls have been successful'ly deve'loped in al I

the carbonate units, though mud seams are a recurring prob'lem.

Water quality is generally quite acceptable with the exception

of very high hardness.

The Martinsburg shale formation offers fair potential

and is a reliable source for domestic use. It should not be

considered, however, for uses intended to be greater than

domestic or small conrnercial uses. I'Jater quality is nearly

ident'ical to that of the carbonate formations with the excep-

t'ion of i ron and su I fate concentrat'ions . These va I ues tend

to run far hjgher on the average and may exceed Drinking Water

Standards 'imposed by the Virginia Department of Health.

Future development can like'ly double present development

in all areas without adverse effects as lonq as responsible
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groundwater manaqement pract'ices are observed. Strjct manage-

ment is vital in the South Fork alluvjal deposits to make op-

timal use of thejr groundwater potential.

Groundwater pollution, part'icu1ar1y in carbonate regions,

can be prevented by careful management of all potential pollu-

tants. Septic tanks, barnyards, feedlots and buried fuel

storage tanks are potential sources of pollution 'in carbonate

regions. Sinkho'les are a serious threat to groundwater because

they often are used as trash disposai areas and consequently

jntroduce po1'lutants directly 'into the subsurface. In some

cases, po'lluted groundwater may take generations to recover.

A corrjdor three miles 'in length between Mt. Crawford and

Harrjsonburg in the Edinburg formatjon has unusual qua'lity

relative to the rest of the County, though no major health

problems have been noted.

Reconmenda t'i ons

(1) The alluvia'l and terrace deposits of the South Fork

of the Shenandoah River and the underlying carbonate fornations

should be regarded as having the best groundwater potential jn

Rockingham County and could support large 'industrial demands.

(2) The central va11ey carbonate formations can usually be

adequately developed for domestic, conrnercial, publ'ic and in-

dustrial supp'lies jf well sites are selected to take maxjmum

advantage of topography and geology.
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(3) The Martinsburg formation can continue to provide

adequate domestic supp'l'ies and I imited suppl ies for smal I

comrnercial and public uses.

(4) The Blue Ridge and the area west of L'ittle llorth

Mountajn should be cons'idered only for development of small

domesti c supp'lies.

(5) Qualjty should be the first consideration when

considering groundwater as a supply in the U. S. Route 11

corridor between Mt. Crawford and Harrisonburg.

(6) Hardness should be a consideration when developing

carbonate formations.

(7) When the need to develop groundwater arises:

(a) consulting hydrogeologists,. well drillers and

representatives of this Agency are ava'i'lable for information

and advice;

(b) the State Department of Health must be contacted

pursuant to developing a public supply well and should be con-

tacted when developing a domestic drinking water supply;

(c) reports and samples required by the Groundwater

Act of 1973 are to be filed vrith the State Water Control Board.
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APPENDIX A

MAP OF SELICTED WELLS AND SPRINGS
IN ROCKINGHAM COUNTY

The accompanying Rockingham County map (P1ate 11) shows

locatjons for approx'imately 150 of the nearly 250 wells and

springs jndicated on the computer printout appearing in

Appendix B. They are representative of the County as a whole

as far as density is concerned. The numbers appearing next

to each well/spring may be cross-referenced with the infor-

mation contained 'in Appendices B and C.
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APPENDIX B

SUMI1ARY 0F WATER IIELL DATA FOR ROCKINGHM COUNTY

The computer printout on the following pages lists

basic well data for wells in Rockingham County. This printout

'is updated frequently to include informat'ion from new Water

hlell Complet'ion Reports which are constant]y being subm'itted

by water well drillers. The information under the head'ing

"Aquifer" may be cross-referenced with Table 2, Chapter III'
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APPENOIX C

SUMMARY OF GROUNDI^IATER QUALITY ANALYSES FOR ROCKINGHAM COUNTY

The computer printout on the fo-llowing pages iists
basic groundwater quality data available for many of the wells

listed in the water well data summary (Appendix B). There

are some quality analyses listed for wells not included in

Appendix B; however, well data is available for these wells

and may be obtained by contacting the State Water Control

Board's Valley Reg'ional 0ffice in Bridgewater or the Head-

quarters Office in Richmond.
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ALLUVIU14:

ANTICL INE :

AQU I CLUDE :

AQU I FER:

BEDDING PLANE:

BEDROC K:

CALCAREOUS:

CARBONATE

CATCHMENT:

CLASTIC:

APPENDIX D

Glossary of Terms

A genera'l term for sediments deposited during
recent geolog'ic tjme by a stream or other body
of water.

An upward fold in rock strata.

A geo'logic formation, group of formations or
part of a formation which is not permeab'le

enouqh to furnish an apprec'iable supply
for i well or spring.

A geologic format'ion, group of formations or
part of a formation capable of suppiying water
to wells and springs in usable quantities. An

aqu'ifer is unconfined (water table) or confined
(artesjan) depend'ing on whether the groundwater
level is at atmospheric pressure or greater
than atmospheric pressure due to the presence
of an overlying, confining geologic formation
(aquiclude).

The diversion plane in sedimentary or stratj-
fied rocks which separates the'indivjdual
layers, beds, or strata.

Any so1 id rock exposed at the surface or over-
lain by unconsol'idated material s.

Contain'ing calcium carbonate.

A rock consisting chiefly of carbonate minerals
such as limestone and dolom'ite.

The area comprising the actual water intake
area for aquifer recharge and all areas that
contribute surface water to the 'intake area.

Consisting of fragments of rocks or of organic
structures that have been transported mechani-
cal iy to a place of depos'ition. Sandstone and
sha I e are the rnost common cl as ti cs .



COLLUV IUM:

DIP:

DRAIJDOWN:

EVAPOTRANSPIRATI0N: A term
tati on
orati on
attempt

FAULT:

FLOOD PLAIN:

FOLD:

FORMATION:

FMCTURE:

GPD:

GROUNDWATER:

HYDROLOGY:

IGNEOUS:

IMPERMEABLE:

Loose sojl material or rock fragments deposited
by the action of gravity, usual'ly at the base
of a slope or cliff.
The angle at which a rock bed is inclined from
the horizontal.

The measured difference between static level
and pumping ieve'l in a wel l; the drop in the
water leve'l due to pumping.

embracing that portion of the precip'i-
returned to the ajr through direct evap-
or by transpirat'ion of vegetation, no
being made to distinguish the two.

A fracture or fracture zone along which there
has been movement of two rock masses relative
to one another parallel to the fracture. The
movement may be a few inches or many miles,
horizontal or vertical.

The strip of relatively smooth land adjacent
to a river channel and built of alluvium
carried by the river during floods. The flood
plain is covered by water when the river is in
fl ood .

A curve or bend in rock strata.

A unit of geolog'ic mapping consisting of a
iarge stratum of some one kind of rock.

Breaks in rocks due to intense folding or
fau 1 ti ng.

Gal lons per day.

l,Jater below the water table; water in the zone
of saturation.

The science that relates to the water of the
earth.

Rocks or minerals
rock (magma ) .

Having a texture
tible movement of

that sol'idified from moiten

which does not allow percep-
water through rock.
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INTRUSIVE:

JOINT:

KARST TOPOGRAPHY:

L iTHOLOGY :

METI\I"IORPHIC:

MGD:

PERCOLATION:

PERMEABILITY:

POROSITY:

PUBLiC SUPPLY:

PUMPING LEVEL:

RECHARGE:

RUNOFF:

SEDIMENT:

SED I MENTARY :

Refers to igneous rocks whjch have penetrated
into or between older rocks while molten but
have solidifjed before reaching the surface.

A fracture in rock a'long which no appreciable
movement has occurred. Jo'ints are generally
perpendicular to bedding planes.

Topography characterized by sinking streams,
s'inkholes, caves and simjlar features indica-
tive of underground drainage deveioped through
the solution of bedrock.

The composit'ion and structure of rock.

Refers to any rocks derjved from pre-existing
rocks in response to pronounced changes of
temperature, pressure and chemical environment-

Million gallons per day.

Movement of water through the interstices of
rocks or soils except movement through large
openings such as solution channels.

The abi'lity of a rock, sed'iment or soil to
transmit water

The property of a rock, soil, or other material
of conta'i n i ng s paces or voi ds .

As defined by the Virg'inia Department of Health,
a water system serving 25'indiv'iduals or more
than 15 residential connections.

Deoth to water in a well when the well is
bei ng pumped.

The addit'ion of water to an aquifen by natural
infiltration or artific'ial means.

That part of precipitation that appears 'in sur-
face streams. Groundwater recharge is that
part of runoff which has ex'isted as groundwater
si nce its last precipitation.

Material borne and deposited by water-

Refers to rocks formed from the consof idation
of 'layered sediments that have accumulated jn
water.



SINKHOLE:

SOLUTION CHANNEL:

STATIC LEVEL:

SYNCLINE:

TERMCE:

UNCONSOL I DAT ED :

WATER TABLE:

f-t111et-shaped depression in the tand surface,
usua I ty 't n | 'imestone negions, developed by thed'issolving action of waier and connected withsolution channels underlying the depression.

Joints or fractures in carbonate rocks which
have been eniarged by the dissolving iciion'ot
water and which are capable of tranimittinglarge quantities of waler.

Depth to water in a well when the well is not
bei ng pumped.

A downward fold in rock strata.

A.level or gently inclined surface bordering a
stream which represents a former level of i6e-stream. Terraces.are composed of aliuviu*-p"o_
duced_by renewed. downcutti'ng of the tiooJ plainor valley floor by the streim.

A sediment that is loosely arranged or unstrat_ified, or whose particles u.. noi cemented
together.

The upper surface of the zone of rock or soilsaturated w'i th giroundwater.
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